Background: Propofol and sevoflurane are widely used in clinical anesthesia, and both have been reported to exert a protective effect in organ ischemia/reperfusion (IR). This study aims to investigate and compare the effects of propofol and sevoflurane on liver ischemia/reperfusion and the precise molecular mechanism. Methods and Materials: Rats were randomized into four groups: the sham group, I/R group, propofol treatment group (infused with 1% propofol at 500 μg·kg−1·min−1), and sevoflurane treatment group (infused with 3% (2 L/min) sevoflurane). The liver ischemia/reperfusion model was used to evaluate the hepatoprotective effect on ischemic injury. Liver enzyme leakage, liver cytokines and histopathological examination were used to evaluate the extent of hepatic ischemia/reperfusion injury. Oxidative stress was investigated by evaluating the levels of Malondialdehyde(MDA), Superoxide Dismutase(SOD) and NO. The terminal dexynucleotidyl transferase(TdT)-mediated dUTP nick end labeling (TUNEL) assay and western blot were applied to detect apoptosis in the ischemic liver tissue and its mechanism. Results: Both propofol and sevoflurane attenuated the extent of hepatic ischemia/reperfusion injury which is evident from the hisopathological studies and alterations in liver enzymes such as AST and LDH by inhibiting Nuclear factor kappa B (NFκB) activation and subsequent alterations in inflammatory cytokines interleukin-1(IL-1), interleukin-6(IL-6), tumor necrosis factor-alpha (TNF-α) and increased IL10 release. Propofol exhibited a similar protective effect and a lower IL-1 release, while sevoflurane decreased TNF-α leakage more significantly. Meanwhile, oxidative stress was attenuated by reduced MDA and NO and elevated SOD release. The expression of antiapoptotic protein Bcl-2 and Bcl-xl were enhanced while that of apoptotic protein Bax and Bak were reduced by both propofol and sevoflurane to regulate hepatic apoptosis. In addition, propofol downregulated the phosphorylation of AKT and Bad protein, while sevoflurane downregulated the phosphorylation of p38. In addition,
Introduction
Liver damage is induced by a variety of pathological ways like liver ischemia/reperfusion and liver fibrosis [1, 2] . Liver ischemia/reperfusion injury is a phenomenon in which cellular damage is induced by hypoxia following the return of blood flow and restoration of oxygen delivery after transplantation surgery, tissue resections, hemorrhagic shock and so forth [3, 4] . Therefore, it is a crucial consideration in the management of hepatobiliary surgery, especially liver resection and liver transplantation surgery, which remains a major cause of graft dysfunction or nonfunction and results in a high mortality [5] . Liver I/R injury usually occurs during traumatic shock or hepatic surgery. It affects the liver function and also significantly increases the risk to the circulatory system and respiratory system. All these issues make liver ischemia/reperfusion a highly important clinical problem to be studied and solved [6] .
To date, various mechanisms that interact with each other in the complex pathophysiological processes of hepatic ischemia reperfusion have been explored [7] . It has been demonstrated that liver ischemia/reperfusion involves a large number of different processes, include the pathogenesis of adenosine triphosphate (ATP) depletion, lactate accumulation, and acidosis during ischemia and the production of free radicals such as reactive oxygen, lipid and nitrogen species, calcium overload, and neutrophil activation [8] . Resently, increased autophagic flux was found to contribute to liver injury during I/R in vivo. However, the precise mechanisms of I/R-induced liver injury have not been elucidated clearly [9] [10] [11] . Propofol is widely used in clinical anesthesia, and it has been reported to have a protective effect in ischemia/reperfusion injury in the heart [12, 13] , brain and lower limbs [14] [15] [16] . Similarly, in liver transplantation, propofol is extensively used because its metabolism is not greatly affected by liver failure [17] . Volatile anesthetic agents have been shown to preserve hepatic blood flow and cell function after ischemia of the liver. Sevoflurane, a new inhalation anesthetic, has recently been developed and is now frequently used [18] . Sevoflurane is known to act as a bronchodilator by directly relaxing the bronchial smooth muscle through a reduction in Ca2+ concentration and perturbation of calcium homeostasis, similarly to other inhalation anesthetics [19] [20] [21] .
Previous studies comparing sevoflurane and propofol have produced variable results [22] . It was reported that the use of propofol for total intravenous anesthesia in OLV might be safer for patients than the use of sevoflurane and is expected to have a lower risk of direct damage from anesthetic metabolites [23, 24] . However, sevoflurane may offer better protection against reperfusion injury after one-lung ventilation in thoracic surgery [25] .
Consequently, the aim of this study was to explore whether propofol and sevoflurane have protective effects in hepatic ischemia reperfusion in a rat model, and subsequently the mechanisms through which they play their roles to provide basic evidence for their clinical use.
Methods and Materials

Animals
Male Sprague-Dawley rats weighing 250-280 g were obtained from the Vital River Company. This study was approved by the Institutional Committee on Animal Care at Qilu Hospital of Shandong University. The animals were fed a standard laboratory diet and were housed under SPF conditions, according to the institutional guidelines.
Surgical procedure
Animals were randomly divided into 4 groups: the sham operation (Sham) group; hepatic ischemia/ reperfusion (I/R) group; propofol treatment group; and sevoflurane treatment group.
Intraperitoneal injection of 1% pentobarbital sodium (40 mg/kg) was used for anesthesia. The liver was separated from the surrounding ligaments, a midline laparotomy was performed with minimal dissection, and the portal vein and the common hepatic artery were isolated and prepared for occlusion. Hepatic ischemia (70%) was created for 60 min by clamping the portal vein, hepatic artery, and bile duct of the left and median; then, reperfusion was initiated by the removal of the clamp for 120 min. Afterward, the tissue and blood samples were collected. Parts of the hepatic tissue samples were stored at -80℃, and the others were placed in 10% formaldehyde. Injectors (5 mL) were used to collect blood samples from the rat vena cava and centrifuged at 4024G/min for 5 min. Serum was stored at -80 ℃ until further examination. Rats in the sevoflurane group were administered 3% (2 L/min) sevoflurane (AbbVie Inc., North Chicago, IL, USA) by inhalation, and rats in the propofol group were infused with 1% propofol at 500 μg·kg−1·min−1 (AstraZeneca Plc., London, UK) throughout the surgical process [26] .
ELISA assay
Enzyme-linked immunosorbent assay (ELISA) analysis was performed to detect the concentrations and levels of the inflammatory mediators (TNF-α, IL-1, IL-10 and IL-6) in the serum using ELISA kits (Biosource International Inc., USA). Meanwhile, the levels of oxidative stress biomarkers MDA and NO and the antioxidant marker SOD in liver tissue were evaluated using specific detection kits (Beyotime Biotechnology, Shanghai, China) for rats according to the manufacturer's protocols.
Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) assay
Paraffin sections (4μm in thickness) were deparaffinized in toluene and then dehydrated in a graded series of ethanol solutions. An in situ Cell Death Detection kit (Roche Applied Science, IN, USA) was used to detect apoptosis in the liver tissues according to the manufacturer's instructions. Quantitative analysis is presented as a percentage of TUNEL-positive hepatocyte nuclei per total nuclei in each experimental group.
Histology study
Liver tissues were collected and fixed in 10% formalin for more than 24 hours, embedded and sectioned at 4 μm thickness. Subsequently, the sections were stained with hematoxylin-eosin. Inflammation and tissue damage were evaluated in histopathological analysis by light microscopy. Suzuki classification was performed, consisting of 3 parameters of hepatic ischemia reperfusion injury: sinusoidal congestion, vacuolization of hepatocyte cytoplasm, and parenchymal necrosis, which were graded numerically as follows: congestion: 0 = none, 1 = minimal, 2 = mild, 3 = moderate, and 4 = severe. The same criteria were adopted in the gradation of the vacuolization and necrosis.
Immunohistochemistry
Sections were heated with 10 mmol/L citrate buffer (pH 6.0) at a temperature of 92-98℃ and maintained for 10 min, then left to return room temperature naturally. Endogenous peroxidase activity was blocked by incubating the sections in 2% (v/v) hydrogen peroxidase diluted in 50% (v/v) methanol for 30 min. Afterward, the specimens were blocked with 5% goat serum for 15 min, followed by incubation at 4℃ overnight with anti-p-AKT and p-p38 primary antibody (diluted 1:250 with 5% goat serum). Sections were incubated with HRP-conjugated secondary antibody for 1 h. Peroxidation activity was visualized via incubation with a peroxidase substrate solution, DAB (Beyotime Biotechnology, Beijing, China). All sections were counterstained with hematoxylin.
Western blot
Frozen liver tissues were homogenized in RIPA lysis buffer in the presence of 1% (v/w) protease inhibitor cocktail (Pierce Biotechnology, Rockford, IL). The samples were shaken at 4℃ for 1 h followed by centrifugation at 40000×g at 4℃ for another 1 h. Protein concentration was determined by the Bradford method using bovine serum albumin (BSA) as the standard [4] . Then, 40 μg protein was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Bio-Rad Laboratories, Hercules, CA) and blotted onto nitrocellulose membranes. After incubation with the specific primary antibodies anti-p65, anti-p -p-65, anti-IκBɑ, anti-bcl-2, anti-bcl-xl, anti-bax, anti-bak, anti-cytochrome c, anti-cleaved caspase 9, anti-cleaved caspase 3, anti-AKT, anti-p-AKT, anti-p38, anti-p-P38, anti-BAD, anti-p-BAD, and anti-GAPDH (Cell Signaling Technology, Danvers, MA) in blocking solution overnight at 4℃, the blots were probed with a secondary horseradish peroxidase (HRP)-conjugated antibody (Santa Cruz, CA, USA) and developed with enhanced chemiluminescence reagents. The relative amount of the target protein was normalized to GAPDH and analyzed using a Gel Pro Analyzer (Media Cybernetics, Silver Spring, MD, USA).
Quantitative real-time PCR Total RNA was extracted from liver tissue using a HiPure Liquid RNA/miRNA Kit (Invitrogen, Carlsbad, CA). CDNA was generated with the stem-loop reverse transcript primer and Moloney murine leukemia virus reverse transcriptase (Promega, Madison, WI, USA), followed by qPCR on an iQ5 real-time PCR detection system (Bio-Rad) with SYBR Premix EX Taq (TaKaRa, Otsu, Shiga, Japan). β-Actin was used as an endogenous control. All measurements were performed in triplicate. The real-time PCR data were analyzed using the ΔΔCT method. The primers used were as follows:
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Statistical analysis
The data are reported as the mean ± S.D. of at least three independent experiments with the double-sided Student's t test. A p value of less than 0.05 was considered significant (*p < 0.05, # p < 0.05, & p < 0.05).
Results
Propofol and sevoflurane treatment protected the liver from ischemic injury
Histological evaluation of the damage in the liver was performed by hematoxylin-eosin staining. Pathological changes in the IR group, indicated by Suzuki's score, revealed the severe damage induced by IR; similarly, propofol and sevoflurane depressed the damage indicated by Suzuki's score (Fig. 1 A-E) . To assess liver injury, we used several markers, including AST (aspartate aminotransferase), ALT (alanine aminotransferase), and LDH (lactate dehydrogenase), released into the serum. These enzyme levels in the I/R group were increased significantly, while both propofol and sevoflurane decreased the leakage of all three enzymes (Fig. 1 F-H) .
Propofol and sevoflurane treatment attenuated inflammation by influencing NFκB expression
Inflammatory cytokines, such as TNF-α, IL-1, IL-6 and IL-10, play key roles in the pathophysiology of hepatic I/R injury. To determine whether propofol and sevoflurane reduce the levels of these cytokines, we used ELISA and QRT-PCR to measure the level and the mRNA expression in the liver tissue. Propofol and sevoflurane both reduced the release and mRNA expression of TNF-α, IL-1, and IL-6 and increased IL-10 ( Fig. 2 A-D, Fig. 2 E-H) . However, propofol showed significantly lower IL-1 and higher TNF-α release compared with sevoflurane ( Fig. 2 A-B) . Subsequently, the expression of NFκB was detected by western blot to investigate whether the alteration of inflammatory cytokine release is regulated by NFκB. As expected, the elevated phosphorylation of P65 induced by I/R is suppressed by propofol and sevoflurane treatment. In contrast, the expression of IκBα was upregulated
Propofol and sevoflurane treatments attenuated oxidative stress
The MDA, SOD and NO levels were assayed to evaluate the effect of propofol and sevoflurane on oxidative stress. The levels of MDA and NO were significantly increased during ischemia reperfusion and recovered by propofol and sevoflurane treatment. The level of SOD was decreased in the propofol and sevoflurane treatment groups compared with the I/R group (Fig. 4 A-C) .
Propofol and sevoflurane treatment induced apoptosis through a mitochondrial pathway
The TUNEL assay was used to detect apoptosis in the ischemic liver. The apoptotic rate in the I/R group was significantly increased, and propofol and sevoflurane both attenuated the apoptosis (Fig. 5 A,B) . Furtherly, western blotting was used to explore the mechanism through which propofol and sevoflurane performed their antiapoptotic roles. Propofol and sevoflurane inhibited the downregulation of antiapoptotic proteins such as bcl-2 and bcl-xl while decreasing the upregulation of proapoptotic proteins such as bak and bax in ischemic liver injury (Fig. 6 A-B) , ultimately downregulating the expression of cytochrome c and caspase protein (cleaved-caspase 9, cleaved-caspase 3), which induce apoptosis in liver tissue (Fig. 6 A,C) . In addition, we found that sevoflurane had a better effect in regulating the expression of the proteins mentioned above, except for caspase 3. Moreover, we investigated the total expression and phosphorylation of AKT, BAD and p-38, which play crucial roles in ischemia/reperfusion-induced apoptosis. Propofol enhanced the phosphorylation of AKT while inhibited the phosphorylation of BAD. Sevoflurane significantly reduced the phosphorylation of p-38 induced in liver ischemia reperfusion, while no changes were found in the total expression or phosphorylation of AKT and BAD (Fig. 6 D-G) . Immunohistochemical detection of p-AKT and p-p38 in the liver tissue was consistent with previous findings. The phosphorylation of AKT was elevated in propofol treatment, while the phosphorylation of p38 was inhibited in sevoflurane treatment (Fig. 7 A-B) . 
Discussion
The main cause of liver I/R injury is surgery. The mechanism includes long-term or severe ischemia, with insufficient blood supply for the liver, and I/R caused by other physiological or biochemical factors [27] . Accordingly, the development of methods to prevent biochemical factor-mediated I/R injury remains an urgent issue to be solved [28] .
Serum AST, ALT and LDH, as important indicators of liver injury, along with histologic examination by hematoxylin-eosin staining, objectively indicate the extent of ischemia/ reperfusion injury in the liver. All the results revealed the protective effect of propofol and sevoflurane on liver ischemia/reperfusion.
It is well known that the liver damage after hepatic I/R is associated with an inflammatory response [29] . The reduced release of some inflammatory cytokines can protect from hepatic I/R injury. Propofol has been reported to be associated with lower IL (interleukin)-6, IL-1β and TNF-α expression [30, 31] and improves IL-10 secretion in traumatic inflammatory responses. Sevoflurane could also reverse the IR-induced decrease in IL-10 expression and inhibit IL-1β, IL-6 and TNF-α expression in cerebral focal ischemia-reperfusion damage in a rat model [32, 33] . These changes in expression mediate cell death and can further enhance the pro-inflammatory response. Our study revealed that propofol and sevoflurane exhibited lower IL-6, IL-1 and TNF-α expression, while clearly increased IL-10 expression. Interestingly, the expression of TNF-αin the sevoflurane treatment group is lower than in the propofol group, in contrast, IL-1 expression in the propofol was lower . Our findings indicated that propofol and sevoflurane might protect from liver ischemia reperfusion by influencing the expression of some inflammatory cytokines.
NFκB is a crucial transcriptional factor involved in inflammation through the protranscriptional regulation of several cytokines, for instance, IL-1, IL-6, IL-10 and TNF-α, and p-65 plays a key role in the NFκB family [34] [35] [36] . To determine whether cytokine expression was regulated by NFκB pathway, qPCR was used to assess the mRNA expression. The results confirmed our hypothesis that propofol and sevoflurane inhibited the phosphorylation of NFκB, with the consequent alteration of IL-1, IL-6, IL-10 and TNF-α.
Under normal conditions, reactive oxygen species (ROS) in the liver are constantly produced as byproducts of mitochondrial respiration. When the cellular levels of ROS exceed the neutralizing capabilities of cellular nonenzymatic and enzymatic antioxidants, oxidative stress occurs. ROS plays an important role in the pathogenesis of various hepatic disorders, including I/R injury [37] . Substantial evidence has suggested that the initial production of Immunohistochemical staining for p-Akt and p-p38 was performed on liver sections from rats that had undergone 60 min of ischemia followed by 120 min (magnification, ×200) (n=6).
ROS and the subsequent activation of several molecular signaling cascades lead to cellular damage and an imbalance between pro-and anti-inflammatory responses [38, 39] , which is consistent with our previous findings. A well-known mechanism of cell death induced by extracellular ROS is lipid peroxidation, a free radical-mediated process that leads very rapidly to liver cell death. Our research detected a significantly lower MDA level but a higher SOD level in both the propofol and sevoflurane treatment groups, indicating an antioxidant action in the ischemic liver tissue. A low concentration of NO may serve to promote cell survival and protect the liver against I/R injury.
Hepatic cell death occurs due to both necrosis and apoptosis [40] . Apoptosis is a central mechanism of cell death following reperfusion of the ischemic liver. To further demonstrate the mechanisms of liver protection against I/R injury, cell apoptosis was subsequently evaluated in ischemic liver tissue. TUNEL assay results indicated that propofol and sevoflurane can both attenuate apoptosis in ischemic liver tissue. The mechanism of apoptosis is highly complex. Increasing mitochondrial permeability is a major cause of apoptosis during hepatic ischemia/reperfusion injury. Oxidative stress caused by ROS generation can promote mitochondrial transmembrane potential (MPT), which in turn further elevates the oxidative stress level [41] . We have demonstrated that both propofol and sevoflurane influence the oxidative stress, which led to the hypothesis that propofol and sevoflurane play an antiapoptotic role through regulating mitochondrial permeability. The Bcl-2 family proteins are implicated in the regulation of the mitochondria-mediated apoptosis pathway [42] .
The mitochondrial permeability is controlled by Bcl-2 proteins, either promoting or inhibiting apoptosis directly through mitochondrial permeability transition pores. As in this study, once the expression of pro-apoptotic proteins such as Bax and Bak or of antiapoptotic proteins such as Bcl-2 and Bcl-xl was altered, cytochrome c would be released from the intermembrane space. As a component of the mitochondrial electron transfer chain, cytochrome c could initiate caspase activation, including caspase 9 and caspase 3, ultimately induced apoptosis in hepatic injury [43] . A number of studies reported that p38 MAPK and AKT were activated by ROS and cytokines [44] [45] [46] . The PI3K/Akt and p38 MAPK pathway exists extensively in cells and is involved in the regulation of a series of physiological activities such as cell apoptosis. Both propofol and sevoflurane were reported to regulate AKT and p38 expression levels [47] [48] [49] ; however, this phenomenon was not observed in our study. As expected, propofol increased the phosphorylation of AKT but decreased the phosphorylation of Bad, while no changes were detected in the expression or phosphorylation of p38. Interestingly, in the sevoflurane treatment group, only p-38 phosphorylation was decreased, while the others remained unchanged.
In conclusion, propofol and sevoflurane both protect the liver from ischemia/ reperfusion injury through modulation of several vital pathophysiological processes such as altered cytokine release; oxidative stress with changed ROS generation; and apoptosis. These processes are interrelated and throw light on the precise mechanism of protection.. Further research in this field is warranted which will provide the necessary information for the clinical use of propofol and sevoflurane. Xu 
